INTRODUCTION {#sec1-1}
============

Depression is one of the most prevalent and disabling disorders worldwide. Unipolar major depression accounts for 4.3% of the global burden of disease and is the third leading cause of disease burden, which is projected to be leading cause of disease burden globally by the year 2030.\[[@ref1]\] Indian data estimates the prevalence of depression to be about 15%, similar to the worldwide literature.\[[@ref2]\]

Wide ranges of treatment options are available for depression ranging from biological treatments to psychotherapy, but despite all therapeutic options a significant proportion of patients fail to respond to these treatments. Different studies have shown that even if conservative estimates are taken, almost one-fifth of the patients continue to suffer from depression after multiple drug trials.\[[@ref3]\] Several published randomized controlled trials and meta-analysis have shown repetitive transcranial magnetic stimulation (rTMS) to be an effective treatment modality in the management of patients suffering from treatment-resistant depression (TRD). The majority of studies have targeted left dorsolateral prefrontal cortex (DLPFC) as an area of stimulation since several studies have shown that patients suffering from depression have decreased neuronal activity as well as decreased metabolism in these regions or in the regions closely connected to them like rostral anterior cingulate cortex.\[[@ref4][@ref5]\] High frequency (Hf) rTMS have been shown to increase the local cortical neuronal activity and modulate the activity of local inhibitory circuits. It can bring changes in the levels of neurotransmitters as well as increase the local brain metabolism.\[[@ref6]\]

There have been only few published studies from India investigating the role of rTMS in depression. This paper reports on the efficacy of rTMS as an add-on treatment in patients who were suffering from TRD.

MATERIALS AND METHODS {#sec1-2}
=====================

The Department of Psychiatry, All India Institute of Medical Sciences, New Delhi, runs a rTMS clinic once a week where detailed evaluation of patients suffering from various psychiatric disorders is done to assess their suitability for this intervention and rTMS sessions are given in the Transcranial Magnetic Stimulation laboratory for 5 days a week. In this paper, we are reporting clinic-based data of group of patients who were suffering from major depressive disorder according to the International Classification of Diseases version 10 and completed 15 sessions of rTMS between August 2009 and December 2015. These patients failed to respond to at least two antidepressant medication trials given for at least 6--8 weeks at adequate dose. All the patients undergoing the rTMS intervention were screened on a pro forma for having any condition that can preclude the safe use of rTMS and were excluded if they suffered from any such condition. Informed consent was taken as a routine procedure before treatment initiation. There were no limits for number of lifetime antidepressant drug failures in the patients. They were continued on the last drug combination, which they were receiving, and no changes were made to it for the period in which the sessions were being given.

The rTMS intervention was administered using a 70-mm figure-of-8 thin air-film coil for 5 days a week for consecutive 3 weeks. The stimulation parameter used was of high frequency (15 Hz) stimulation at 110% of the estimated resting motor threshold (rMT). The scalp position of lowest MT for the right abductor pollicis brevis muscle was determined using single-pulse TMS defining the rMT by the lowest power setting producing a visible muscle contraction in ≥5 of 10 trials. All the participants received 3000 pulses per session with pulse frequency of 10 pulses per second. The area of stimulation was left DLPFC, which was identified at 5 cm anterior from the MT location, along a left superior oblique plane corresponding to Fp3 area as per international 10--20 electroencephalography system.

The assessments were carried out at baseline (just before starting the first session) and after 15 sessions using either the Hamilton Rating Scale for Depression (HAMD) or Montgomery-Asberg Depression Rating Scale (MADRS). The outcome measures were mean change in scale scores after rTMS intervention and percentage of patients who responded to treatment (more than 50% reduction in baseline scores).

Analysis was done using SPSS version 21.0 (SPSS, version 21.0; www.spss.com, Chicago, IL, USA). Descriptive variables were assessed using measures of central tendency and differences among the categorical and continuous variables were assessed using Chi-square test or Student\'s *t*-test respectively. Paired *t*-test was applied to assess the change in scale scores from baseline to final session. We also assessed the composite percentage score change combining the percentage change of scores for both scales for an overall estimate of percentage change for the study population.

RESULTS {#sec1-3}
=======

Overall, there were 22 participants who had completed 15 sessions of rTMS for management of depression during the period of analysis with significant majority belonging to male gender (male, female = 72.7% \[*n* = 16\], 27.3% \[*n* = 6\]; *P* = 0.03).

The mean age of the sample was 46.09 ± 15.22 years (range: 25--76) with no significant difference among the genders (male, female = 43.94 ± 16.53, 51.83 ± 9.93 years; *P* = 0.08). Overall, the age distribution of the study sample was not clustered when plotted against change in assessment scores suggesting that there was no impact of age over assessment scores.

Out of the 22 participants, the outcome has been assessed over HAMD and MADRS in 14 and 8 participants, respectively. There was a significant reduction in final assessment scores over both scales (HAMD and MADRS) after rTMS intervention as compared to baseline \[[Table 1](#T1){ref-type="table"}\].
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There were no differences in overall percentage change in assessment parameters among the genders (male, female = −42.87 ± 23.11, −46.53 ± 20.67; *P* = 0.73; 95% confidence interval = −18.83, 26.16) as shown in [Figure 1](#F1){ref-type="fig"}.

![Gender differences in percentage score change (male:female = 16:6)](IJPsy-60-329-g002){#F1}

When assessing for the percentage change in scores, an improvement of more than 50% score change was observed in 57% of participants assessed over HAMD and 37% participants assessed over MADRS \[[Table 2](#T2){ref-type="table"}\]. On combining the percentage change of scores in both scales for the study population (composite scores), about 50% subjects had an improvement of more than 50% in either scale scores \[[Figure 2](#F2){ref-type="fig"}\]. Thus, it can be asserted that there was a response rate of about 50% in the overall sample population with more changes observed in subjects being assessed over HAMD.
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![Box plot of percentage change of scores in Hamilton Rating Scale for Depression, Montgomery--Asberg Depression Rating Scale and composite scores after repetitive transcranial magnetic stimulation intervention](IJPsy-60-329-g004){#F2}

DISCUSSION {#sec1-4}
==========

In the current study, there was significant reduction in final assessment scores over both scales (HAMD and MADRS) and about 50% of the patient could be classified as "responders" after receiving rTMS. These findings resemble findings observed in similar studies using rTMS for TRD worldwide. In a study reporting the effectiveness of TMS in clinical practice in about 100 patients, a response rate of 50% was seen which is similar to our finding.\[[@ref7]\] Similarly, a multi-site naturalistic study reporting data for 307 patients found the response rate to be almost 60%.\[[@ref8]\] A recent meta-analysis which included seven RCTs and evaluated the efficacy of rTMS when used as an augmentative strategy in TRD found the response rate to be 46% and concluded that in patients who fail anti-depressant drug trial, augmentation with rTMS can significantly increase the effect of antidepressants and is a safe strategy with low adverse event and dropout rates.\[[@ref9]\] One of the studies found that using higher stimulation intensity and clinical features like having less severe depression at baseline, shorter duration of current episode, and having recurrent episode rather than first episode predicted better response rates to TMS in patients suffering from depression.\[[@ref10]\] Although most of the studies have used high-frequency stimulation and have targeted left DLPFC, there is significant heterogeneity in the stimulation parameters and site of stimulation making comparison across different studies difficult.\[[@ref11]\] It is therefore important that a guideline should be developed about the stimulation parameters that would be most beneficial for patients suffering from depression. A recent meta-analysis found that in the absence of maintenance treatment the effect of TMS was short lasting and the magnitude of the antidepressant effect during follow-up was small.\[[@ref12]\] It is important to develop maintenance protocols for the patients who have obtained acute benefit from TMS. Protocols can consider using only TMS-based intervention without pharmacotherapy as some studies have shown that administrating TMS even once or twice a week can maintain the beneficial effects obtained by it.\[[@ref13][@ref14]\]

There is dearth of published data from India investigating the role of TMS in depression that could be due to limited number of mental health centers having such facility. In an Indian study, rTMS not only produced antidepressant effects equivalent to medications but also "corrected" the autonomic imbalance after 2 weeks of therapy.\[[@ref15]\] In another sham-controlled study in patients with obsessive--compulsive disorder, there was an improvement in depressive symptoms noticed in active group receiving Hf rTMS at the right prefrontal area (10 Hz, 110% of MT, 4s per train, 20 trains per session) compared to sham group.\[[@ref16]\] Another sham-controlled study in moderate-to-severe depression assigned patients to receive add-on, active-priming rTMS (4--8 Hz; 400 pulses, at 90% of MT) or sham-priming stimulation followed by low-frequency rTMS (1-Hz; 900 pulses at 110% of MT) over the right DLPFC and found that the prestimulation with frequency-modulated priming stimulation in the theta range has greater antidepressant effect than low-frequency stimulation alone.\[[@ref17]\] In a sham-controlled RCT conducted over short duration of 2 weeks rTMS, it was seen that the treatment with rTMS did not show improvement.\[[@ref18]\] In one open-label trial delivering Hf rTMS at 10 Hz given over left DLPFC at 110% MT, there was a significant reduction in mean HAMD scores. Case report of maintenance treatment using rTMS has also been mentioned.\[[@ref19]\] In a recently reported study using single-photon emission computed tomography-guided rTMS compared to rTMS at left DLPFC, the former group had better response than latter.\[[@ref20]\]

The current study has limited number of inclusion and exclusion criteria thereby closely resembling the practice in real clinical world. Real-world clinical data can help in bridging findings obtained with more narrowly defined patient populations in the randomized controlled trials to the anticipated effects of a treatment when used in a typical practice setting.

The study further potentiates the finding that failure to respond to one or more antidepressant medication trials does not preclude a favorable response to rTMS. On the other hand, medication resistance may also predict poorer clinical outcome of rTMS as about 50% of patients had a less than 50% change in percentage scale scores. As has been observed in studies using electroconvulsive therapy (ECT), patients who have not responded to one or more adequate antidepressant medication trials have a lower probability of response to ECT as compared to patients treated with ECT without having received an adequate medication trial.\[[@ref21][@ref22]\]

The present study shows that the beneficial effect of TMS in Indian patients suffering from depression is similar to those in western settings. However, generalization of findings from the study is limited due to lack of a control group, small sample size, retrospective data analysis, and lack of better localization techniques. Since we had included only patients who had completed the required treatment protocol (i.e., 15 sessions), the issue of tolerability and nonresponder bias remains to be assessed among the participants receiving \<15 sessions or treatment dropouts. Future studies should regard these caveats and do a follow-up of the data for ascertaining the remission and recovery rates in treatment responders. Predictors of response also need to be determined in such studies.

CONCLUSION {#sec1-5}
==========

This clinical data show the effectiveness of Hf rTMS applied over the left DLPFC in TRD. Approximately 50% persons with TRD responded to the intervention after completing 15 sessions. The report supports further investigation into the potential therapeutic applications of rTMS in TRD.
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